By contrast with the frontal eye field, little is known about the location of the human posterior eye field. In monkeys, it has been shown that the intraparietal sulcus and the adjacent inferior parietal lobule in the posterior parietal cortex, play an important part in the control of visually guided saccadic eye movements. ' 2 Saccades can be elicited by microstimulation of this region,3 which has strong projections to the frontal eye field and to the superior colliculus. 45 In humans, lesions in the parietal cortex result in increased latency and hypometria of contralateral visually guided saccades. 67 However, the exact location of the parietal region which is responsible for the control of saccadic eye movements is not known, as human parietal lesions often involve rather large areas, and PET studies have not determined this location so far. The recently developed technique of functional MRI (fMRI) has led to a combination of measurements of function related changes in brain activity with high resolution anatomical imaging. Therefore, the aim of our study was to use this technique for a better localisation of the human posterior eye field.
Methods

SUBJECTS
Nine healthy right handed volunteers (mean age 39; range: 29-53 years), who gave their informed consent were tested. Saccades were elicited by a stimulation ramp of 12 light emitting diodes, placed about 70 cm from the subject. The subject was instructed to look at the light emitting diodes, which were illuminated successively from right to left and vice versa, and thus made visually guided saccades of 20 to 5°( fig 1A) . In this paradigm, the direction and timing were predictable, but the amplitude varied in a pseudorandom manner. This paradigm of visually guided saccades, partly predictable, was chosen to reduce the attentional mechanisms involved during more reflexive visually guided saccades. Three subjects were tested using a first procedure with comparison of fMRI activity obtained during saccades performed for 47 seconds to fMRI activity existing during a resting state of the same duration with the eyes closed. To be sure that such comparative activity was related to saccades and not simply to fixation, two other procedures were used. In the second procedure (with another three subjects), fMRI activity during the fixation of an illuminated central fixation point for 47 seconds was compared with that of a resting state of the same duration with the eyes closed. Finally, in a third procedure (with the remaining three subjects), fMRI activity during saccades was compared with that of fixation (each condition lasting 47 seconds). Although it was not possible to record eye movements during fMRI, it may reasonably be assumed that these simple ocular motor tasks were correctly performed by normal subjects during fMRI, as, under laboratory conditions with eye movement control, normal subjects perform such tasks without any difficulty.
MRI
MRI was performed using a 1-5 Tesla MR (Signa Advantage, V. 5x, General Electric Medical Systems). Before fMRI, a whole brain fast spoiled grass inversion recovery (FSP-GRIR) preparation 3D in the sagittal plane (124 slices, 1 mm thick) was made for each subject, using a head coil. The fMRI was performed with a set of two 3 inch coils centred on the posterior parietal region: four to six contiguous planes parallel to the middle part of the corpus callosum were studied in each subject. The lowest plane was set at the junction of the posterior parietal and occipital fis- In the saccade versus rest procedure, significant activity in the region of both frontal eye fields, around the precentral sulcus, was seen in all three subjects (fig 1 D) . Furthermore, activity in the horizontal part of the intraparietal sulcus which was located deep in the sul-D cus, existed near the limit between the angular gyrus and supramarginal gyrus (areas 39 and 40 of Brodmann). In general, activity seemed to be more pronounced on the right than on the left side, but a quantification of asymmetry was not performed. Activity in the primary visual cortex and in the region of the dorsal occipital cortex was also noted in all subjects (table). During the fixation versus rest procedure, no activity was noted either in the frontal eye field or in the horizontal part of the intraparietal sulcus. However, in all three subjects, there was bilateral activity in the primary visual cortex and the dorsal occipital cortex. Finally, in the third procedure (saccades versus fixation), activity was observed in two of the three subjects in both frontal eye fields, and activity in the horizontal part of the intraparietal sulcus was found in all subjects. By contrast the activity in the primary visual cortex and the dorsal occipital cortex was very weak in this procedure.
Discussion
The technique of fMRI can be used for mapping visual and motor functions." 16 There are only a few reports concerning eye movement related activity using fMRI,'7 18 and the location of the parietal eye field has not yet been studied in detail. The results of our first procedure (saccades versus rest) confirm the localisation of the frontal eye field around the precentral sulcus, at the level of the middle frontal gyrus, and activity was observed on both the right and left side. It is now established that visually guided saccades are controlled by both the frontal eye field and parietal eye field in the monkey'9 20 as in humans.6 In our study, activity of the frontal eye field can, therefore, be taken as confirmation that subjects performed saccades, as assumed, during the saccade task.
The results of our first procedure also suggest that the human parietal eye field is located in the intraparietal sulcus. The bilateral activity observed in this sulcus seemed to be saccade specific and not simply due to visual activity, as, in the second procedure, visual fixation did not activate this region, but did activate striate and extrastriate visual cortical areas, as in the first procedure. Furthermore, in the third procedure (saccades versus fixation), the same frontal and parietal areas as in the first procedure were active (the frontal eye field and the intraparietal sulcus), whereas the activity of occipital visual areas was not significant in this visual (moving target) versus visual (fixation) comparison.
For several reasons, it is also likely that activity of the intraparietal sulcus may not be attributed only to visual attention effects. Although attention and saccade programming are usually linked,22 we tried in the saccadic stimulation to reduce the attentional demand by using partly predictable visual targets. Furthermore, the superior posterior parietal cortex, which is important for visual attention,23 and could be responsible for shifting attention from one stimulus to the next, was not significantly active in our study. Lastly, it is conceivable that saccades and fixation (third procedure) require similar visual attentional demands. It should be noted that long attentive fixation is not a passive rest state of the eyes, but requires an active will to hold fixation24 and most of the subjects found this state more difficult to perform than the saccade task. Despite the assumed subtraction of attentional demand in this third procedure (saccades versus fixation), an activity in the intraparietal sulcus comparable with that of the saccade versus rest was noted. This suggests that such activity was largely saccade related. Finally, our results are consistent with experimental findings in monkeys showing that the parietal eye field is located in the intraparietal sulcus,' 2 and the results of clinical lesion studies, which suggested that the equivalent area in humans is located in the intraparietal sulcus region.296 Furthermore, our results suggest that the parietal eye field lies (a) in the deep region of the intraparietal sulcus and (b) in the horizontal part of this sulcus-that is, at the level of areas 39 and 40 of Brodmann.
In conclusion, our study is the first, to our knowledge, confirming the location of the human parietal eye field in the intraparietal sulcus using fMRI. More studies are needed to determine in detail the parietal eye field location within the intraparietal sulcus, in particular in respect to the lateral and medial banks of the fundus of this sulcus. Those who see and observe things, heroes and statesmen, discover that they have headaches, indigestion, humours and passions, just like other people.
Migraine
Christopher Hibbert, 1924-, The making of Charles Dickens (1967) Once again as before his marriage, overwork had a deleterious effect on his health. Towards the end of the previous year he had been suffering from "the torment of rheumatism in the face" and intermittent headaches of such violence that he was sometimes-so he told Bentley-wholly disabled from putting pen to paper and he was prescribed as much medicine as would confine an ordinary-sized horse to his stall for a week.
Arthur Ransome, 1884-1967, The autobiography (1976) I was troubled at that time with violent headaches, for which I found walking the best though a painful cure. I used to set out from my studio half blind with pain and, stumbling resolutely on, would find the pain lessening and at last gone altogether. One 
